INTRODUCTION
The grainyhead-like genes encode a rapidly expanding family of developmental transcription factors. The founding member, Drosophila grainyhead (also known as NTF-1 or Elf-1), was originally identified as a transcriptional activator of the Dopa decarboxylase gene [1] [2] [3] [4] . Subsequent studies revealed important roles in early fly development through repression of dorsal\ ventral and terminal patterning genes decapentaplegic, tailless and zerknuW llt and in later stages through transcriptional regulation of key developmental genes such as engrailed, fushi tarazu and Ultrabithorax [1, 2, [5] [6] [7] [8] [9] [10] [11] . Flies carrying a null mutation of the grainyhead gene die during embryogenesis with abnormalities of the cuticle, head skeleton and trachea [4] . The lack of patterning defects in these mutant embryos is due to the maternal provision of Grainyhead (GRH) during early embryogenesis. This is evidenced by in situ hybridization studies, which show grainyhead mRNA synthesis during oogenesis with deposition in the developing oocyte, and by the expansion of the tailless expression domain observed in embryos derived from females carrying germ-line clones lacking grh [10, 11] .
The diversity of the developmental roles played by grainyhead is mediated through the formation of tissue-specific protein isoforms and also through the formation of target gene-specific heteromeric protein complexes [8] . A neuroblast-specific isoform Abbreviations used : BOM, Brother-of-MGR ; CAT, chloramphenicol acetyltransferase ; EST, expressed sequence tag ; GRH, Drosophila Grainyhead ; GST, glutathione S-transferase ; MGR, Mammalian Grainyhead ; RACE, rapid amplification of cDNA ends ; RT, reverse transcriptase ; SCL, stem cell leukaemia ; SOM, Sister-of-MGR. 1 To whom correspondence should be addressed (e-mail jane!wehi.edu.au). The nucleotide sequence data for human SOM have been submitted to the DDBJ, EMBL, GenBank2 and GSDB Nucleotide Sequence Databases. The accession number is pending.
Protein interaction studies demonstrate that SOM can heterodimerize with MGR and Brother-of-MGR, but not with the more distant members of the family. Like grainyhead, the SOM gene too produces several distinct isoforms with differing functional properties through alternative splicing. The tissue distributions of these isoforms differ and all display highly restricted expression patterns. These findings indicate that SOM, like its family members, may play important roles in mammalian development.
Key words : Drosophila, grainyhead, homologue, mammalian development, transcription factor. of the protein that arises from alternative splicing is critical for normal development of the central nervous system. Flies carrying a mutation that abolishes the production of this isoform exhibit pupal and adult lethality and demonstrate non-co-ordinate movements [12] .
Five mammalian members of the grh-like family have been identified previously [13] [14] [15] [16] [17] [18] [19] [20] [21] . These genes are divided into two distinct phylogenetic groups on the basis of sequence alignments [21] . The first group consists of CP2, LBP-1a and LBP-9, which are homologues of the recently identified Drosophila gene dCP2 [21] . These genes are, in general, widely expressed and play roles in diverse cellular and developmental events, which include Tcell proliferation, globin gene expression and steroid biosynthesis [18, [22] [23] [24] . The second group consists of Drosophila grainyhead and its two mammalian homologues, namely, Mammalian Grainyhead (MGR) and Brother-of-MGR (BOM). These genes have highly restricted patterns of expression and show high levels of sequence conservation with grh, particularly in the DNAbinding and protein dimerization domains [21] . The sequence differences between the two arms of the phylogenetic tree have functional consequences, with the grh-like factors MGR, BOM and GRH capable of interacting with each other, but not with members of the CP2-like group [9, 21] .
We now report the identification and characterization of a third mammalian member of the grh-like family, Sister-of-MGR (SOM). Similar to its homologues, SOM is restricted in its expression patterns and its use of protein partners, emphasizing the functional diversity that has evolved in the two branches of this multi-gene family.
EXPERIMENTAL

Cloning of SOM
The genomic sequence of SOM was initially identified in the High Throughput Genomic Sequence database by searching with the highly conserved protein dimerization domain of the previously cloned mammalian grh-like factors, MGR and BOM. Gene-specific primers were derived from this sequence and used in reverse transcriptase (RT)-PCR analysis of a panel of human tissues. A fragment of the predicted size was amplified from tonsil and verified as a novel family member by sequencing. The subsequent deposition in the databases of a human expressed sequence tag (EST) that contained significant identity with, but was clearly distinct from, the activation domain of MGR and BOM facilitated the identification of a larger SOM fragment. Gene-specific primers derived from this activation domain and our previously cloned dimerization domain were used to amplify a fragment from tonsil cDNA. The sequence of this fragment confirmed the identity with MGR and BOM in the three functional domains but was divergent outside these regions. No initiating methionine residue was identified in these fragments, so 5h-rapid amplification of cDNA ends (5h-RACE ; Marathon RACE ; Clontech) was employed to clone the N-terminus from testis cDNA. This resulted in the isolation of the first coding exon of SOM1. Ultimately, the entire contiguous cDNA of SOM1 was amplified in one PCR from testis cDNA using specific oligonucleotide primers from the 5h-and 3h-untranslated regions respectively. The PCR product was cloned according to the manufacturer's instructions (Invitrogen Topo TA cloning kit). Topoclone number 5 was used for sequencing of the full-length cDNA. At this stage, topoclone number 2 was noted to be slightly smaller on an EcoRI excision digest, and upon sequencing, exon 2 was noted to be absent. This clone was subsequently labelled SOM3.
SOM2 was identified as an EST from human renal epithelial cells (accession no. AK074386), and was identical with SOM1 except for the first exon. This difference was supported by the alignment of SOM1 and SOM2 with the two human SOM genomic clones (accession nos. AL138902 and AL031431), which showed exon 1a of SOM2 to be upstream of exon 1b of SOM1 and that both of these isoforms continued in-frame with the same exon 2 up to the stop codon. Using RT-PCR with a panel of human cDNA tissues and a specific oligonucleotide primer for exon 1a, and a downstream 3h oligonucleotide primer, the existence of SOM2 in specific tissues was confirmed. Primer sequences are listed below.
PCR
For RT-PCR, first strand cDNA was prepared from 2 µg of mRNA from primary tissues using random hexamers. For the expression studies, each cDNA sample was appropriately diluted to give similar amplification of S14 RNA under the same PCR conditions. The primer sequences are detailed below. The PCR conditions were 94 mC for 2 min followed by 35 cycles at 94 mC for 30 s, 60 mC for 30 s and 72 mC for 1 min with a final extension at 72 mC for 5 min. All PCR products were electrophoresed on 1.5 % agarose gels, transferred to nitrocellulose and analysed by Southern blotting using $#P-radiolabelled internal oligonucleotides as probes. Membranes were then autoradiographed for 2 h at k70 mC.
Primers
The following primers were used to amplify probes for cloning of SOM isoforms and for RT-PCR. For amplification of fulllength human SOM1 : SOM1 5h-primer, 5h-GGAGATGTG-CCAAACTGT-3h ; SOM1 3h-primer, 5h-TGTGGAGAGGTT-GTGTGT-3h. For amplification of SOM2-specific N-terminal fragment : SOM2 5h-primer, 5h-AGTCGAATGAACTTGATT-TCAG-3h ; SOM2 3h-primer, 5h-TCCAGACACGTTCTCTGT3h. For amplification of SOM1-and SOM3-specific N-terminal fragments : SOM1\3 5h-primer, 5h-AGCAGAAGAATGTGG-ATG-3h ; SOM1\3 3h-primer, 5h-TTTGTTGAGGTAGGCCA-TGGGTGACTC-3h (SOM1 fragment, 790 bp ; SOM3 fragment, 603 bp). Hypoxanthine-guanine phosphoribosyltransferase : 5h-primer, 5h-ATGGACAGGACTGAACGTCT-3h ; 3h-primer, 5h-CTTGCGACCTTGACCATCTT-3h ; 5h-RACE primers. First round PCR : SOM 3h-primer, 5h-GCAACACTGTCATCATC-TCC-3h ; AP1 5h-primer, 5h-CCATCCTAATACGACTCACT-ATAGGGC-3h. Nested PCR : SOM 3h-primer, 5h-ACTCTC-ATCATGGCCTTTGTGG-3h ; AP2 5h-primer, 5h-ACTCACT-ATAGGGCTCGAGCGGC-3h.
DNA construction and transactivation analysis
Protein domains involved in transcriptional activation were defined using the Mammalian Matchmaker two-hybrid assay kit (Clontech). We engineered EcoRI restriction sites by PCR to the 5h-ends of cDNA fragments encoding the conserved activation domain in SOM1 and SOM2 (amino acid residues 30-95) and the N-terminal part of the SOM3 protein (amino acid residues 1-32). The PCR products were subcloned into the EcoRI site of the pM vector containing the GAL4-DNA-binding domain and sequenced in their entirety. The 293T cell line was transfected in triplicate with these plasmids using the calcium phosphate transfection system (Gibco BRL, Gaithersburg, MD, U.S.A.). The pM vector alone and the pM vector containing the VP16 activation domain served as the negative and positive controls respectively. A firefly luciferase reporter construct driven by the thymidine kinase promoter was used for controlling the transfection efficiency. After 48 h, the amount of chloramphenicol acetyltransferase (CAT) produced in each transfected cell line was quantified with the CAT ELISA colorimetric immunoassay kit (Roche Diagnostics GmbH, Mannheim, Germany). This value was corrected for transfection efficiency based on the luciferase activity of the sample (measured in a Monolight 2001 luminometer with the Promega luciferase assay kit) and also adjusted with respect to the protein content of the lysate.
Yeast two-hybrid analysis of protein interactions
For analysis of mammalian protein interactions, indicated fragments of the cDNAs encoding the protein dimerization domains of CP2, LBP-1a, MGR, BOM and SOM and full-length SCL (stem cell leukaemia) were derived by PCR or restriction digest and cloned into pGAD424 (a GAL4 transactivation domain vector ; GAL4AD ; Clontech). The PCR fragments were sequenced in their entirety and the restriction fragments were sequenced across the fusion junction with GAL4AD. The resulting plasmids were co-transformed into yeast with pGB-SOM, a yeast expression vector containing the protein dimerization domain of SOM fused to the GAL4 DNA-binding domain (GAL4DBD) as described previously [25] . Positive interactions met the two criteria of growing on selection media plates and testing β-galactosidase-positive. Expression of the various plasmids was confirmed in yeast by Western-blot analysis using antibodies that recognize GAL4DBD or GAL4AD (Clontech ; results not shown).
Expression of glutathione S-transferase (GST) fusion proteins and affinity chromatography
Human MGR, BOM and SOM and GRH cDNAs were cloned in frame with the GST coding sequence in the pGEX vectors (Pharmacia, Piscataway, NJ, U.S.A.). The GST fusion proteins were expressed in the Escherichia coli strain BL21. Fusion proteins were purified on glutathione-Sepharose (Pharmacia), and their integrity confirmed with Coomassie Blue staining after SDS\PAGE. For in itro protein-protein interaction assays, 1 µg of GST or GST fusion protein was incubated for 1 h at 4 mC with 10 µl of glutathione-Sepharose beads, which had been preblocked with 0.5 % milk. After extensive washing, the beads were resuspended in 200 µl of binding buffer [10 mM Tris\HCl (pH 7.9)\500 mM KCl\0.1 mM EDTA\150 µg\ml BSA\0.1 % Nonidet P40\10 % glycerol] and incubated for 1 h at room temperature (22 mC) with [$&S]methionine-labelled SOM. After extensive washing, retained proteins were eluted by boiling in SDS loading buffer and analysed by SDS\PAGE and autoradiography [26] .
RESULTS
Cloning of SOM, a novel mammalian member of the grainyheadlike family of transcription factors
We have recently reported [21] the identification and characterization of two novel mammalian members of the grh-like family of developmental transcription factors, MGR and BOM, which rewrite the phylogeny of this family. As a continuation of the above-mentioned work, we located additional sequences in the High Throughput Genomic Sequence database and a human EST that shared identity with human MGR and BOM in the highly conserved protein dimerization and activation domains. Gene-specific primers derived from these domains were used to amplify a fragment from tonsil cDNA. The sequence of this fragment confirmed the identity with MGR and BOM in the functional domains, but was divergent outside these regions. No initiating methionine was identified in this fragment and so 5h-RACE (Marathon RACE) was employed to clone the N-terminus from testis cDNA. This resulted in the isolation of the first coding exon of SOM1. Ultimately, the entire contiguous cDNA of SOM1 was amplified from testis cDNA and sequenced (see cloning of SOM in the Experimental section). Alignment of the predicted amino acid sequence from the full-length cDNA (which we have named SOM) with MGR and BOM revealed 60 % overall similarity at amino acid level ( Figure 1A ). This was significantly higher in the DNA-binding, protein dimerization and transactivation domains (Table 1) . We subsequently identified the full-length mouse SOM cDNA from a brain cDNA library (results not shown). The similarity between the predicted human and murine proteins is very high, with 90 % identity.
Phylogenetic analysis of the extended grh-like family
The sequence conservation in this family from fly to mouse to man suggested that related genes would be present in more diverse organisms. We have identified previously homologues of MGR and BOM in Xenopus lae is (S. M. Jane and J. M. Cunningham, unpublished work). Further trawling of the databases revealed that homologues of SOM also exist in Xenopus. Phylogenetic analysis of these sequences confirmed our previous grouping of this family into two distinct arms, one descended from Drosophila CP2 and the other from grainyhead (Figure 2) . Homologues of these genes are also present in Danio rerio, Xenopus tropicalis, Oryzias latipes and Takifugu rubripes (results not shown).
The phylogenetic grouping of the grh-like family has functional consequences
The grainyhead-like factors achieve functional diversity through the formation of homo-and heteromeric complexes. We have shown previously that protein interactions between members of this family were confined to factors that segregate on the distinct arms of the phylogenetic tree. To determine whether SOM adhered to this, we examined if protein complexes could be formed between SOM and the grh-like factors and between SOM and the CP2-like proteins. We utilized the yeast two-hybrid assay system for this purpose, as we have shown that results in this system gave an accurate reflection of interactions, which were subsequently confirmed using GST chromatography and co-immunoprecipitation. The dimerization domains of the three mammalian grh-like factors were cloned into a yeast expression vector in-frame with the GAL4 DNA-binding domain and a second yeast vector in-frame with the GAL4 activation domain. The constructs were co-transfected into yeast in various combinations, and interactions were assessed by the activation of a histidine reporter gene and growth on selective media plates. As shown in Figure 3(A) , SOM is capable of homodimerization, as well as heterodimerization with MGR and BOM. No interactions were observed between SOM and CP2 or LBP-1a. No colonies were observed with an unrelated transcription factor (SCL). Significant activation of the histidine reporter in these experiments was accompanied by concomitant activation of the second reporter, LacZ, with all colonies staining blue with X-gal (results not shown). To confirm the findings for yeast, we performed GST pull-down experiments utilizing a GST-SOM fusion protein coupled with glutathione-Sepharose and $&S-radiolabelled in itro transcribed\translated SOM, BOM and MGR. As shown in Figure 3 (B), $&S-radiolabelled SOM was strongly retained on GST-SOM (panel 1). GST-SOM also retained $&S-radiolabelled MGR (panel 2) and BOM (panel 3), but not an unrelated control, breast-cancer susceptibility gene 1 (panel 4). To determine whether the ability of SOM to interact with the factors in this arm of the phylogenetic tree extended back to GRH, $&S-radiolabelled in itro transcribed\translated GRH was added to the GST-SOM matrix. As shown in Figure 3 (C), GRH was specifically retained on this matrix, but not on the control GST column. It has been shown previously that GRH does not interact with CP2. These findings again emphasize the functional importance of the phylogenetic division of this family.
Identification of isoforms of SOM
In addition to a range of protein partners, the grh-like genes achieve functional diversity through the presence of tissue-specific isoforms. This is particularly evident in Drosophila, where disruption of the neural isoform of GRH causes pupal\adult lethality. MGR and BOM also exist as different isoforms, some of which lack key functional domains. To facilitate the search for isoforms of SOM, we used a combination of genomic mapping of the SOM locus, database trawling and RT-PCR of samples from 
Figure 2 Phylogenetic analysis of the grainyhead-like family
Deduced protein sequences from the cDNAs of human SOM, MGR and BOM, Xenopus laevis SOM, MGR and BOM (denoted by the prefix x) and Drosophila CP2 (dCP-2) identified in our laboratory, and the sequences of CP2, LBP-1a, LBP-9 and GRH downloaded from the Genbank2 databases were aligned using the Clustal method.
various tissues. As shown in Figure 4 , three distinct RNA isoforms have been identified. SOM1 is the original cDNA we isolated. SOM2 is identical with SOM1 except that it utilizes an alternative first coding exon. In contrast, SOM3 originates from the same first exon as SOM1, but lacks exon 2 that encodes a significant component of the core transactivation domain.
The isoforms of SOM are differentially expressed
Our initial expression studies utilized a cDNA probe to a region common to all the identified isoforms of SOM. A human multitissue Northern blot was screened and it demonstrated a single band in placenta and kidney, migrating at approx. 3 kb, consistent with the size predicted for all three SOM transcripts, which do not differ significantly in size ( Figure 5A ). The lack of transcripts in other tissues on the Northern blot suggested that the expression levels of the SOM isoforms outside the kidney and placenta were very low. To circumvent this and to determine whether differential expression patterns existed, we performed RT-PCR on a range of human tissues using primer pairs that would allow discrimination of the different isoforms. The primers for SOM2 were specific, as one primer was contained in exon 1a, and the primers for SOM1 and SOM3 were shared but spanned exon 2 and thus yielded different-sized products for each isoform. Samples of interest shown in Figure 5 (B) and the complete experiment summarized in Figure 5 (C) reveal different patterns of expression for each isoform. SOM1 was expressed in a range of tissues, including brain, pancreas, testis, placenta, prostate, colon and kidney. The expression pattern of SOM2 was far more restricted, with some overlap with SOM1 in brain, pancreas, 
Figure 4 The SOM genomic locus encodes three distinct isoforms
The structure of the human SOM genomic locus is shown. It was derived from an alignment of a human genomic clone (accession no. AL138902) with the cDNA sequences using the BLAST algorithm. The three SOM isoforms were isolated and sequenced using RT-PCR of samples from various tissue sources. Scale bar l 1 kb.
placenta and kidney, but unique expression in tonsil and thymus. SOM3 was less widely expressed when compared with SOM1, but the three tissues, brain, pancreas and testis, in which SOM3 expression was identified also co-expressed SOM1 and SOM2. Although SOM protein is detectable by Western-blot analysis using monoclonal antisera raised against the protein, the small molecular-mass differences between isoforms SOM1 and SOM2 ( 1 kDa) would make their individual detection at the protein level impossible. The predicted smaller (approx. 7 kDa) SOM3 protein size was not seen (results not shown). The detection of SOM3 at the RT-PCR level (above), but its absence in Westernblot analysis, may reflect the low levels of expression of this isoform.
Functional diversity of the different SOM isoforms
Our sequence alignments coupled with our earlier functional studies of MGR and BOM suggested that a conserved transactivation domain was present in the N-terminal region of SOM
Figure 3 Protein-protein interactions of the grainyhead-like family
(A) SOM interacts with itself, MGR and BOM, but fails to interact with CP2 or LBP-1a. The Saccharomyces cerevisiae reporter strain HF7C was transformed with the indicated plasmids (left panel). pGB-SOM contains the conserved dimerization domain fused to GAL4DBD. pGAD-SOM, pGAD-MGR, pGAD-BOM, pGAD-CP2 and pGAD-LBP-1a contain the conserved dimerization domains of their respective factors fused to GAL4AD. pGAD-SCL served as an unrelated control. Transformants were streaked on to synthetic medium plates lacking tryptophan, leucine and histidine (LTH − ) and incubated at 30 mC for 3 days (right panel). (B) GST chromatography with GST-SOM. A fusion protein between GST and SOM (GST-SOM) and GST alone were expressed in E. coli, and 1 µg of protein was bound to glutathione-Sepharose beads. The fusion protein and GST coupled with the beads were both incubated with 2 µl of 35 S-labelled in vitro translated (IVTT) SOM, BOM or MGR or the unrelated control breast-cancer susceptibility (BCRA1) gene in binding buffer for 1 h at room temperature (see the Experimental section). The beads were spun and the nonbinding supernatant (labelled as flow-through -F/T) was collected. After extensive washing, the GST fusion protein or GST-coupled beads were mixed with SDS loading buffer and subjected to SDS/PAGE (labelled GST beads). The unbound flow-throughs were also electrophoresed (labelled flow through -F/T). The migration of the various radiolabelled loads is indicated (SOM, BOM, MGR and BCRA1, panels 1-4 respectively). (C) GST chromatography with radiolabelled GRH. The experimental details are identical to those in (B), except that 35 S-labelled in vitro translated GRH was used.
( Table 1 ). The sequence identity between the MGR, BOM and SOM in this region extended from amino acids 30-95 of SOM. This domain is contained in the SOM1 and SOM2 isoforms, but is disrupted by the loss of exon 2 in SOM3. To examine the potential of the SOM isoforms to function as transcriptional activators, we generated mammalian expression vectors carrying fusion proteins between the GAL4 DNA-binding domain and the conserved core-activation domain common to SOM1 and SOM2 or the N-terminal region of SOM3 ( Figure 6 ). The vectors containing the GAL4 DNA-binding domain alone (GAL4) or this domain fused to the activation domain of VP16 (VP16) served as the negative and positive controls respectively.
The constructs were co-transfected into the human 293T cell line with a reporter plasmid containing five concatamerized GAL4 DNA-binding sites upstream of the CAT gene. Transcriptional activation of the CAT gene was observed with VP16 and with the construct containing the core activation domain. In contrast, no activation was observed with the GAL4 vector alone or with the N-terminal region of SOM3. These findings confirm RNA from multiple primary tissues was used as a template to PCR-amplify products using primers specific for the different SOM isoforms. Samples were amplified with primers specific for hypoxanthine-guanine phosphoribosyltransferase (HPRT) RNA to confirm the integrity of the template. A panel of selected tissues is shown. These primer pairs all span an intron and thus discriminate between mRNA and genomic DNA-derived signal. Thirty-five cycles of amplification were used. All PCR products were electrophoresed on 1 % agarose, transferred to nitrocellulose and probed with an internal radiolabelled oligonucleotide specific for the predicted product. (C) Summary of expression patterns of the SOM isoforms.
the presence of a highly conserved activation domain in SOM1 and SOM2, which is lacking in SOM3.
DISCUSSION
These studies detail the identification and characterization of a novel gene SOM, which expands the highly conserved grainyheadlike family of developmental transcription factors. SOM, like the other recently described mammalian members of this family MGR and BOM, is most closely aligned from both a sequence and functional viewpoint with the founding member of the family GRH [21] . Phylogenetic analysis confirms that SOM, MGR, BOM and GRH all exist in a distinct division of this multi-gene family, separate from the CP2-like members. We have identified homologues of each of these genes in Xenopus lae is and additional homologues in zebrafish (Danio rerio), western clawed frog (Xenopus tropicalis), Japanese medaka (Oryzias latipes), puffer fish (Takifugu rubripes) and nematode (Caenorhabditis elegans), suggesting that the members of this family play critical developmental roles in a wide range of organisms. The phylogenetic segregation of the grh-like genes may have important functional consequences. SOM is only capable of forming multi-protein complexes with the other members of the grh-like arm of the family. This finding is in keeping with previous studies showing that MGR and BOM also fail to interact with the CP2-like proteins [21] and that GRH and CP2 could not heterodimerize [9] . It is also consistent with the sequence comparisons in Table 1 and the results of Wilanowski et al. [21] , which demonstrate that MGR, BOM, SOM and GRH have no significant identity with dCP2 in the protein dimerization domain.
An important aspect of the functional diversity of this family istheexistence oftissue-specificisoforms thatarisefrom alternative splicing. This is particularly evident for the grh-like branch of the phylogenetic tree, in which isoforms lacking critical functional domains have been identified and, in the case of grainyhead, linked to abnormal phenotypes in the setting of perturbed expression [12, 21] . Three isoforms of SOM have been identified thus far. One of these, SOM3, lacks the transactivation domain which is present in the other two SOM isoforms and which is also highly conserved in BOM and MGR. The potential functional importance of SOM3 is not difficult to envisage, particularly in tissues where it is co-expressed with SOM1. Conceivably, SOM1 could function as an activator and the shorter species as a repressor in this context. This regulatory mechanism is a feature of many other transcription factors, including NF-E4 ( [24] ; S. M. Jane and J. M. Cunningham, unpublished work), AML1 (the acute myeloid leukaemia 1 gene product) [27] , cAMPresponse-element-binding protein [28] , Egr3 [29] and octamerbinding protein 2 [30] . As the shorter SOM species retains its protein dimerization and DNA-binding properties, it could also play a dominant negative role. A precedent for this is observed with a grainyhead mutant lacking the N-terminal activation domain that inhibits full-length grainyhead site-dependent activation. This mutant preferentially binds to full-length grainyhead, inhibiting its ability to homodimerize, leading to a failure of gene activation despite the presence of one intact activation domain. Ectopic expression of this dominant negative protein during fly development leads to embryonic lethality with cuticular defects [31] . The ability of the short form of SOM to homodimerize or heterodimerize with other members of the grainyhead family may have similar functional consequences, potentially playing a key role in the regulation of BOM and MGR target genes. The coexpression of the three isoforms of SOM, MGR and BOM in brain and kidney identifies the tissues in which this regulatory mechanism could operate.
The lack of co-expression of SOM2 and SOM3 in tonsil and thymus suggests that the ability of SOM2 to activate gene expression in these two tissues may be obligate. Interestingly, neither of these tissues expresses SOM1. At this stage, it is not clear what functional differences exist between the SOM1 and SOM2 isoforms, but their distinct expression patterns suggest that they may play divergent roles.
At this stage, the importance of SOM in mammalian development is unknown. The elucidation of its functional properties will depend on the identification of target genes and the study of loss of function mutants in mouse models. A range of human homologues of grainyhead target genes have been identified, many of which play important roles during embryogenesis. We are proceeding with protein-DNA interaction studies with recombinant SOM and candidate regulatory elements to identify these targets. 
